Key indicators: single-crystal X-ray study; T = 296 K; mean (C-C) = 0.003 Å; R factor = 0.038; wR factor = 0.101; data-to-parameter ratio = 16.5.
Related literature
For background to the intramolecular Diels-Alder reaction with furan (IMDAF) as diene partner, see: Lipshutz (1986); Heiner et al. (1996); Prajapati et al. (2000) ; Kappe et al. (1997) ; Padwa et al. (1997) . For our studies of the intramolecular free radical reaction of furan with a carbon side chain, see: Demircan & Parsons (1998 , 2002 ; Demircan et al. (2006) ; Karaarslan et al. (2007) . For our investigation of whether the protective group on nitrogen influences the cycloaddition process, see: Koşar et al. (2006) ; Arslan et al. (2008) ; Temel et al. (2011); Demircan et al. (2011) . For puckering analysis, see: Cremer & Pople (1975) . For graph-set notation, see: Bernstein et al. (1995) .
Experimental
Crystal data Refinement R[F 2 > 2(F 2 )] = 0.038 wR(F 2 ) = 0.101 S = 1.05 3312 reflections 201 parameters H-atom parameters constrained Á max = 0.34 e Å À3 Á min = À0.37 e Å À3 Table 1 Hydrogen-bond geometry (Å , ). Data collection: X-AREA (Stoe & Cie, 2002); cell refinement: X-AREA; data reduction: X-RED32 (Stoe & Cie, 2002); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 1997); software used to prepare material for publication: WinGX (Farrugia, 1999). Padwa, A., Dimitroff, M., Waterson, A. G. & Wu, T. (1997) . J. Org. Chem. 62, 4088-4096. Prajapati, D., Laskar, D. D. & Sandhu, J. S. (2000) . Tetrahedron Lett. 41, 8639-8643. Sheldrick, G. M. (2008) . Acta Cryst. A64, 112-122. Stoe & Cie (2001 The intramolecular Diels-Alder reaction with furan (IMDAF) as diene partner provides a facile route to the synthesis of complicated multicyclic structures via oxanobornenes in synthetic organic chemistry (Lipshutz, 1986) . However, in many cases, the cyclization process of IMDAF requires high pressure (Heiner et al., 1996) or the employment of Lewis acid catalysis (Prajapati et al., 2000) to proceed, the most extensively studied five-membered heterocycle for this cycloaddition is furan (Kappe et al., 1997; Padwa et al., 1997) .
We have been studying intramolecular free radical reaction of furan with carbon side chain (Demircan & Parsons, 1998; 2002; Demircan et al., 2006; Karaarslan et al., 2007) and recently reported that under thermal conditions the bromofurfurylalkenes (1), with heteroatom possessed in a side chain, undergo intramolecular cycloadditions and give heterofused tricycles (2) (32-44% overall) as shown in Figure 4 . We have also been researching whether the protective group on nitrogen influences cycloaddition process or not; it is noteworthy that the exchange of the protective group from tert-butoxy (Boc) group to tosyl group increases yield and accelerate the cycloaddition process. We have already reported our findings since 2005 (Koşar et al., 2006 Arslan et al., 2008; Temel et al., 2011; Demircan et al., 2011) , now we report the new tricyclic structure, (3aR,6S,7aR)-7a-chloro-6-methyl-2-[(4-methylphenyl) sulfonyl]-1,2,3,6,7,7a-hexahydro-3a,6epoxyisoindole (4), derived from the furan moiety (3) via thermal IMDAF in aqueous media with 73% yield ( Figure 5 ).
The molecular structure of the title compound is shown in Figure 1 . The title compound contains non-planar five-and six-membered rings. The six membered ring (C9-C14) has a boat conformation with puckering parameters Q = 0.944 (2) Å, θ = 89.03 (12)°, φ = 119.03 (14)°. The two five-membered rings with bridging oxygen (O3/C11/C10/C9/C14 and O3/C11-C14) adopt envelope configurations, whereas the N-containing five membered ring adopts a twisted conformation with the total puckering parameters of 0.6053 (19)°, 0.502 (2)° and 0.324 (2)°, respectively (Cremer & Pople, 1975) . The crystal packing is stabilized by intermolecular C-H···O type hydrogen bonds (Table 1) . Atom C13 in the reference molecule acts as a hydrogen bond donor to the bridging oxygen atom O3 iii forming a C(4) chain running parallel to the c axis (iii = x, -y + 3/2, z -1/2). Similarly, atom C5 acts as a hydrogen bond donor to the bridging oxygen atom O3 ii forming a C(9) chain running parallel to the a axis (ii = x+1, y, z). The intersection of the C(4) and C(9) chains produce R 4 3 (25) rings parallel to the ac plane (Fig. 2) . The C2-H2···O1 i (i = -x + 1, -y + 1, -z + 1) hydrogen bond produces dimeric R 2 2 (10) rings while the combination of C2-H2···O1 i and C13-H13···O3 iii hydrogen bonds generate R 6 6 (38) rings ( Fig. 3 ) (Bernstein et al., 1995) . (3) (1 g, 2.94 mmol) and 50 ml water were placed in a 100 ml two neck flask, equipped with a condenser. The mixture was stirred at 371 K for 24 h and monitored by thin layer chromatography. The reaction mixture was then poured into 50 ml e thyl acetate; aqueous part supplementary materials
was further washed with 3x50 ml ethyl acetate. The combined organic phases were washed with 50 ml brine, dried over magnesium sulfate and concentrated under reduced pressure. Subsequently, the residue was subjected to flash column chromatography to afford the title compound (4) as pale yellow crystals, re-crystallized from dichloromethane -hexane-
(1:4), (0.73 g, 73%).
Refinement
H atoms were positioned geometrically and treated using a riding model, fixing the bond lengths at 0.96, 0.97 and 0.93 Å for CH 3 , CH 2 and aromatic CH, respectively. The displacement parameters of the H atoms were constrained with U iso (H) = 1.2U eq (aromatic or methylene C) or 1.5U eq (methyl C). 
Computing details

Figure 1
The molecular structure of the title compound, with displacement ellipsoids drawn at the 30% probability level. Part of the crystal structure of the title compound, showing the formation of R 2 2 (10) and R 6 6 (38) rings. Hydrogen bonds are indicated by dashed lines. (Symmetry codes: i; x, -y + 3/2, z -1/2; ii; -x + 1, -y + 1, -z + 1).
Figure 4
Synthesis of fused tricycles (2) from bromofurufurylalkenes (1) Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq C10 0.4256 (2) 0.89806 (12 (7) 0.0079 (7) 0.0030 (7) O3 0.0394 (6) 0.0404 (7) 0.0464 (7) −0.0014 (5) 0.0202 (6) 0.0000 (5) C1 0.0347 (9) 0.0351 (9) 0.0498 (10) 0.0034 (7) 0.0141 (8) (15) C8 0.0438 (10) 0.0382 (9) 0.0429 (9) −0.0027 (7) 0.0132 (8) −0.0068 (7) C9 0.0436 (9) 0.0352 (9) 0.0428 (9) −0.0058 (7) 0.0233 (8) −0.0024 (7) C14 0.0386 (9) 0.0379 (9) 0.0357 (9) −0.0002 (7) 0.0148 (7) −0.0035 (7) C15 0.0402 (9) 0.0401 (10) 0.0494 (11) 0.0012 (8) 0.9600 C8-H8B 0.9700 O1-S1 1.4302 (14) C9-C14 1.563 (2) O2-S1 1.4245 (15) C9-Cl1 1.7952 (17) O3-C14 1.432 (2) C14-C15 1.492 (2) C1-C2 1.380 (3) C15-N1 1.473 (2) C1-C6 1.382 (3) C15-H15A 0.9700 C1-S1 1.7643 (19) C15-H15B 0.9700 C2-C3 1.380 (3) N1-S1 1.6159 (16) C2-H2 0.9300
